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(54) Bar code reader 

(57) A self-contained two-dimensional bar code 
reader of the type having a light source (1 6) for illuminat- 
ing a two-dimensional bar code symbol (400, 500, etc.) 
having data encoded therein, a photodetector (17) for 
producing signals in response to light returning from the 
symbol (400, 500, etc.), and a decoder (40, 64) coupled 
to receive said signals of said photodetector (17), said 
decoder (40, 64) having an output signal carrying 
decoded data of said symbol, wherein the improvement 



comprises: 

said decoder (40, 64) comprising a microcom- 
puter (40) having a memory (42, 45) that includes a first 
portion (45) having an executable program (Listing No. 
1) resident therein for decoding a two-dimensional bar 
code symbol, and a second portion (42) for holding data. 
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description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention. 

This invention relates to two-dimensional bar code readers. More particularly this invention relates to a self-con- 
tained bar code reader that is fully capable of reading and decoding both one-dimensional bar codes and two-dimen- 
sional bar code symbologies such as PDF41 7. 

2. Description of the Prior Art. 

Self contained bar code readers are now well known in the art. A modern example is the ST3000 model produced 
by the assignee hereof. Such readers often have microcomputers that are capable of scanning or reading linear bar 
code symbologies such as the UPC codes or code 39 that are widely used in supermarkets and similar retail establish- 
ments. These codes are herein termed "linear bar codes". As used herein, the term "scanning" means detecting the 
presence of a bar code symbol and acquiring an electrical representation of the optical pattern of the symbol. The term 
"reading" means scanning the symbol, and then decoding the electrical representation to yield information in a stand- 
ardized format. ASCII is an example of a standardized format that could be output by a decoder. "Self-contained", as 
used herein does not exclude an external power supply for the bar code reader, nor a communication line to an external 
host. 

More recently it has been proposed to increase the information content of machine readable graphic images such 
as bar code symbols by encoding the data into a two-dimensional bar code symbol in which the data are arranged in 
rows and columns. These codes are sometimes arranged as fixed-width patterns in a matrix. 

Code One is a two-dimensional matrix symbology that can encode the full ASCII 256 character set in addition to 
four function characters and a pad character. This symbology has ten different versions defined, with 27 - 50% of the 
symbol characters allocated to error detection and correction. Some versions use Reed-Solomon error control. 

Another two-dimensional bar code symbology is PDF417. PDF417 is explained in Wang, U.S. Patent No. 
5,243,655, which is incorporated herein by reference. 

Briefly summarized, PDF417 is a two dimensional (1 7,4) symbology, a specialization of the (n,k) family of bar codes. 
In PDF417 a code word comprises 17 bits comprising 4 runs of bars and 4 runs of spaces in differing combinations, 
which produces a large number of legal patterns. Each space and each bar can vary in width from 1 to 6 arbitrary units, 
so long as the total number of units in the code word is 17. Three mutually exclusive subsets or clusters of the set of 
legal patterns are used in PDF41 7, each cluster containing 929 code words. Each of the 929 code words can be ordered 
in a t-sequence, and the patterns in the t-sequences can be mapped to a desired alphabet by suitable translation tables. 

Each row of a PDF symbol comprises code words selected from one of the three clusters, and there is a periodic 
rowwise usage of the three subsets. It is possible to identify the particular cluster to which a code word belongs by com- 
puting a discriminator function: 

r *3+ x s - x 7 ) mod 9 

where X is the mark pattern of the code word; x-, x 3 , x 5 , and x 7 represent the width of bars in the pattern; and x 2 , x 4 , 
x 6 , and xq represent the widths of spaces. While 9 clusters are possible, only three are actually used in PDF41 7, clusters 
0, 3, and 6. 

In each row of a PDF symbol there is a start pattern, a left row indicator code word, data code words, a right row 
indicator code word, and a stop pattern. Error correction information may be included in the data code words. The row 
indicator code words contain information about the organization of the symbol, specifically the row number, the number 
of rows in the symbol, number of data columns and the security level. Not all of this information is contained in every 
row indicator code word; instead the information is distributed in a pattern which repeats every three rows. 

During a scanning operation the scanner can identify the cluster of a particular code word, and hence its row iden- 
tifier modulo 3. This local row identification is particularly useful when the scanning axis is not perfectly aligned with the 
rows of the symbol, and a transition between two rows occurs during a scanning operation. Detection of row crossing 
permits "scan stitching" -- a mapping of partial row scans into a matrix or memory. Missing pieces in the partially com- 
pleted matrix can be filled in by other scanned data, possibly from entirely different rows, either because the data is 
redundantly expressed in the symbol, or with the use of error correction algorithms such as Reed-Solomon codes. A 
typical scan stitching method is disclosed in Pavlidis et al., U.S. Patent No. 5,241,164. 

In some prior art devices, relative motion between the scanner and the two-dimensional symbol is necessary to 
collect data from most of the entire area of the symbol and thereby effect a reading. 
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1 Reading a PDF417 code can be conducted in a known manner on a character-by-character basis in accordance 
with a two step process. In the first step a code word is scanned and its discriminator function computed. The first step 
is completed by identifying the cluster of a code word and determining the value of the t-sequence for the identified clus- 
ter. In a second step, or high level decoding, error detection and correction is carried out, and then the member of the 
alphabet that was encoded in the symbol is derived from the value of the t-sequence, using look-up tables or similar. 

It is a present problem in the art that the computational resources required to read a PDF41 7 bar code symbol in 
an acceptable time are rather large, requiring extensive memory and processing power. The relatively sophisticated 
computers generally used for PDF41 7 decoding have at least 16-bit processors, largely due to the computational effort 
involved in error detection and correction on a large number of characters (up to 928 characters per symbol), and the 
fact that the character set is larger than a convenient eight bit representation. A further difficulty concerns the large size 
of the encoded message (up to 2710 digits) and the limited amounts of computer random access memory available to 
handle this information. 16-bit processors are presently much more expensive than the 8-bit microprocessors currently 
found in commercial portable bar code readers, such as the above mentioned ST3000. Furthermore the 16 bit proces- 
sors require large amounts of memory to decode PDF417 symbols, and they consume too much power to be practical 
in inexpensive portable bar code readers. As a result it has been necessary to offload undecoded data from a bar code 
scanner to a remote decoder, such as a desk-top computer, RISC, or a digital signal processor to accomplish the decod- 
ing. This necessitates further communication links between the decoder and the bar code scanner for purposes of error 
detection and correction. As a result, the installation of a portable two-dimensional bar code reader in conjunction with 
a cash register or point-of-sale terminal is rendered complex and expensive. Many retail installations tolerate neither 
the additional space required by the remote decoder nor the costs associated with the additional hardware. 

SUMMARY OF THE INVENTION 

It is therefore a primary object of the present invention to provide a self contained bar code reader that is capable 
of rapidly reading two-dimensional bar code symbols such as PDF417. 

It is another object of the invention to provide a fully self-contained portable, hand-held bar code reader that con- 
tains electronic and computational structural features adapted to the scanning and decoding of two-dimensional bar 
code symbols. 

It is yet another object of the invention to efficiently accomplish the scanning and decoding of two-dimensional bar 
code symbols utilizing a small, inexpensive microprocessor with minimal memory and power consumption. 

These and other objects of the present invention are attained by a portable, hand-held, self-contained two-dimen- 
sional bar code reader adapted to the PDF41 7 symbology, including a light source, a photodetector, and a decoder. The 
decoder comprises an 8 bit microcomputer, having an address space of 64 Kbytes, but actually using an 8 KByte SRAM 
for data storage, and 32 KByte programmable erasable read only memory (PEROM) for program instructions. Perform- 
ance is enhanced by a novel program resident in the PEROM, and by the use of a direct memory access to load signals 
derived from the photodetector into memory. The unit's housing is approximately Th x 3V£ x 2 inches. It weighs Vk oz., 
and during a reading operation, its power draw is 1 .4 watts average during scanning, and 0.83 watts during decoding 
with the illumination off. 

In one aspect of the invention the light source illuminates a narrow strip on the bar code symbol, and the photode- 
tector's field of view corresponds to the strip. 

In another aspect of the invention the photodetector is a CCD matrix that acquires an image of the entire bar code 
symbol. 

In yet another aspect of the invention, the photodetector is a photodiode, and the light source is a rasterizing laser 
that scans the symbol in a row wise fashion. 

BRIEF DESCRIPTION OF THE DRAWING 

For a better understanding of these and other objects of the present invention, reference is made to the detailed 
description of the invention which is to be read in conjunction with the following drawings, wherein: 

FIG. 1 is a block diagram of a bar code reader suitable for practicing the invention; 
FIG. 2 is an enlarged view of a portion of FIG. 1 ; 

FIG. 3 is a block diagram illustrating the organization of a program for a computer in the bar code reader shown in 
FIG. 1; 

FIGS. 4 - 6 are standard PDF417 bar code symbols having various amounts of information and different levels of 
error correction encoded therein; 

FIG. 7 is a schematic of a second embodiment of the invention; and 
FIG. 8 is a schematic illustrating a third embodiment of the invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First embodiment: 

Turning now to the Drawing, and initially to FIG. 1, a bar code reader 10 is shown. Suitable hardware comprising 
the reader is commercially available as model ST3000-22 from Welch Allyn, Skaneateles Falls, New York, and the inven- 
tion can be practiced therewith provided that certain modifications disclosed herein are made. The bar code reader 10 
is a portable self-contained hand-held unit that is capable of scanning and decoding bar code symbologies. The unit 
could be as large as 10 x 4 x 3 inches and weigh as much as 10 oz, but It preferably has dimensions of about Tk x Qk 
x 2 inches, and draws 1 .4 watts average during scanning, and 0.83 watts during decoding with the illumination off. It 
preferably weighs 7.5 oz. The unit can resolve bar code elements that are 5 mils in width. 

The bar code reader 10 has conventional optics 15 and a plurality of 660 nm light emitting diodes 16 that illuminate 
a narrow strip of a bar code symbol 18, which corresponds to the region of sensitivity of the unit's photodetector. A lens 
system of the optics 15 is described in U.S. Patent No. 5,291,008, which is assigned to the assignee of the present 
invention, and incorporated herein by reference. Light returning from the bar code symbol along a receive path 14 
through suitable focusing lenses 19 strikes a photodetector which is realized as a charge coupled device (CCD) array 
17. The CCD array 17 develops analog signals that are representative of an optical pattern of a complete scan line 
across the bar code symbol. The analog signals are passed through signal processing electronics 20 which provide 
signal conditioning and analog-to-digital conversion, and digitization. Digitization is accomplished using an analog 
reconstruction circuit which is disclosed in U.S. Patent No. 5,294,783, of common assignee herewith, and also incorpo- 
rated herein by reference. The resulting signal, a binary representation of the bar code symbol being read, is submitted 
to a microcomputer 30. 

The microcomputer 30 performs various tasks necessary to the operation of the system. It includes a microcontrol- 
ler 40, realized as a Motorola MC68HC1 1 D0CFN3, and has an address space of 64 Kbytes. The MC68HC1 1 D0CFN3 
is also provided with serial and parallel I/O, interrupt logic, an oscillator, and clock logic. As employed in the microcom- 
puter 10, the microcontroller 40 is provided access to an 8 KByte static RAM 42 and a 32 KByte PEROM 45. The capa- 
bilities of the microprocessor 40 are enhanced by a multifunctional ASIC 35. As shown in FIG. 2 the ASIC 35 has four 
principal functional blocks. A CCD clock control 43 facilitates switching the scan rate of the CCD array between 50, 100, 
and 200 scans/second and provides further control of the CCD array (indicated by line 36) as may be desired for opti- 
mized scanning operation. A memory management unit 46 (MMU) provides limited memory management capability. 
The timer/DMA channel 48, coupled to the signal processing electronics 20 (indicated by line 38), automates the input 
signal capture for subsequent decoding. This allows dedication of the microcontroller 40 to pattern analysis for decoding 
of the bar code symbol. Finally a general interface unit 44 permits a flexible communications interface for the bar code 
reader 10, indicated by line 37. The entire ASIC 35 is controlled by the microcontroller 40 through an internal bus 39. 

The internal clock logic of the microcontroller 40 is controlled via the ASIC 35 by an oscillator having a crystal 49. 
To increase the performance of the system, and to handle the high computational load imposed by the decoding of 
PDF417 symbols, a crystal having a frequency of 1 4.7456 MHz, has been substituted for the 7.3728 MHz crystal which 
is furnished in the unmodified ST3000-22 model. Other modifications to the basic ST3000-22 model are as follows: 
SRAM 42 is a 70ns 8K x 8 CMOS RAM (SONY part number CXK5864BM-70L). 

Microprocessor 40 is a Motorola MC68HC1 1D0CFN3. 

PEROM 45 is a 90ns model (ATMEL AT29C256-9). 

Regarding the above mentioned part substitutions, the doubling of the crystal frequency is the most important con- 
tributor to performance, while the substituted SRAM, microprocessor, and PEROM insure component reliability at the 
increased clock frequency. 

Firmware resident in the PEROM 45 contains the executable instructions for the microcontroller 40. Portions of the 
program realized in the PEROM 45 are conventional, and allow the bar code reader 10 to function as a conventional 
autodiscriminating reader for linear bar code symbologies, as well as to decode PDF41 7 symbols. 

Broadly, the firmware 60 consists of 4 main blocks, as shown in FIG. 3. A variety of system supervisory functions, 
indicated by reference numeral 62 include the initialization of volatile hardware and memory regions, controlling and 
sequencing the scanning and decoding operations, and monitoring and maintaining I/O between the bar code reader, 
the operator, and external equipment. 

Decoding functions, indicated by reference numeral 64, are accomplished in several stages. First a preliminary eval- 
uation for the presence of a bar code symbol of interest is made. When such a bar code symbol is detected a detailed 
character-by-character decoding operation is performed in areas of interest. Error checking of the decoded character 
string is then accomplished, and finally the decoded characters are interpreted to determine their corresponding data 
message. In the case of linear symbologies, the decoding result from a scan is a message ready for transmission. In 
two-dimensional symbologies, such as PDF41 7, a decoding result is partial information which is stored in the static ran- 
dom access memory (SRAM) array 42 (FIG. 1), and later combined with the results of subsequent decoding operations, 
until the full data message is eventually compiled for transmission. 
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i The menu functions, indicated by reference numeral 66, are routines called in response to decoding special bar 
code symbols, so-called bar code "menus" that set non-volatile bits or values within a designated configuration region 
of the PEROM 45, thus governing various operating characteristics of the bar code reader 1 0, such as scan rate, beeper 
volume, mode of operation (manual or auto-trigger), enablement of decoding of particular bar code symbologies, etc. 

Communications functions 68 service the hardware and include protocols needed to deliver scanned data to an 
attached device. The bar code reader 10 can support a number of communications protocols and interfaces, including 
laser output, OCIA, OCR, RS-232, various commercial terminals and keyboard wedges, of which only the RS-232 inter- 
face is currently programmed. 

What makes it possible for a device such as bar code reader 10 to effectively decode PDF417 bar code symbols is 
an extensive modification of the decoding firmware 60 resident in the PEROM 45. The object code of the firmware is 
exhaustively disclosed in Listing No. 1 . Listing 1 is given in a well known Intel Hex format: 

:NNAAAATTPPPPPPPPPPPPPPPPPPPPCC 
wherein 

NN is the number of program bytes on the line; 

AAAA is the address of the first program byte; 

TT is the type of data; 

PP are the program bytes; and 

CC is the checksum for the entire line. 
The installation of Listing No. 1 into the PEROM 45 is accomplished with the use of a loading program, which is 
shown in Listing No. 2. Listing No. 2 is executed in accordance with well known techniques specified by Motorola. The 
ST3000-22 is first connected to COM1 of an IBM PC (trademark) or compatible personal computer running DOS, having 
Listing No. 2 loaded into the BASIC interpreter, and having Listing No. 1 available in a file. The ST3000-22 is powered 
up in bootstrap mode. Then, with the trigger of the ST3000-22 depressed, Listing No. 2 is executed in the personal com- 
puter Pressing any key of the personal computer will initiate the installation of a download program into the internal 
RAM (not shown) of the MC68HC1 1 D0CFN3. The user then responds to a prompt by entering the name of the file con- 
taining Listing No. 1. Listing No. 1 is then downloaded directly into the PEROM 45. 

The firmware 60 in accordance with the invention operates on PDF41 7 symbols using a two-step process. The First 
step executed by the microcomputer 30 in accordance with the instructions in Listing No. 1 is row decoding. This step 
is similar to linear bar code reading, and comprises the location of sequences of PDF41 7 symbol characters adjoining 
a start or stop character. What makes PDF41 7 scanning more computationally intensive than scanning linear bar codes, 
for example code 39 and UPC, is the allowance for "scan stitching", wherein decoding must be able to follow scans that 
move between different rows. Furthermore the large 17-module characters within the large PDF41 7 character set pre- 
clude normal look-up procedures because the PEROM 45 is limited in size. In scan stitching the difficulty presented is 
that whenever a scan path slides from one row to the next, one or more invalid character patterns may be seen. Such 
patterns may not even have a proper number of elements. Yet it is still necessary to pick up the decoding process with 
subsequent valid characters once the transition between rows is made. The decoding process takes advantage of the 
fact that all characters start with a space-to-bar transition that is aligned across rows, so that even as a scan transitions 
between rows, there is a recognizable start to each character position. 

The second step is message or array decoding, wherein the decoded PDF41 7 characters are placed into appropri- 
ate positions of a row and column matrix that is representative of the symbol. Then the rows, considered as one con- 
catenated string, are error checked, error corrected, and finally interpreted into the encoded message. All of this is 
accomplished within the limitations of the 8K SRAM 42. The decoded information is output through a conventional com- 
munication interface 55. User interfaces 50 provide audiovisual indicators to the operator of the progress of the scan, 
and the results thereof. Such an interface is disclosed in copending Application Ser. No. 08/137,640, of common 
assignee herewith. 

The bar code reader 10 is autodiscriminating and capable of reading several well known linear bar code symbolo- 
gies, including, for example, UPC. 

The device is used by placing the reader 1 0 in contact or near contact with the symbol 1 8, which can be a PDF4 1 7 
symbol. The reader is preferably approximately aligned with the rows of the symbol. Reading is then initiated by 
depressing a manual trigger, or in the alternative, the reader 10 can sense the presence of the bar code symbol 18 and 
self-actuate. The operator is informed of a valid read by an audible annunciator. 

Example 1 : Using the embodiment described above, standard PDF symbols (shown representatively at reference 
numerals 400. 500, 600 in FIGS. 4 - 6) were read repeatedly for 30 seconds. As previously explained, a "read" is a full 
operation, including scanning of the bar code information, decoding, and output of the decoded information. In this 
example the read head of the hand-held bar code reader was maintained in contact with the data carrier and in align- 
ment with the row axes of the bar code symbol. There was no tilt with respect to the plane of the data carrier. Ambient 
room fighting conditions were present. The decoded information is shown as character sequences 410, 510, 610. The 
results are shown in table 1. 
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Table 1 



Number of reads in 30 Seconds - According to Invention 
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By way of comparison, this experiment was repeated using a currently available state-of-the-art two dimensional 
hand-held bar code reader connected to a remote decoder. This state-of-the-art system utilized a more powerful micro- 
processor than the 68HC1 1 . The results are shown in table 2. 



25 Table 2 



Number of reads in 30 Seconds • Conventional Bar Code Reader 
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The results in accordance with the present invention are only slightly less impressive than the conventional bar code 
reader in performance, but are accomplished with apparatus that is clearly simpler, smaller, and cheaper than the con- 
ventional device. 

45 

Second Embodiment: 

Turning now to FIG. 7, there is shown a schematic of a portion of a second embodiment of the invention, wherein 
similar parts have the same reference numbers as in FIGS. 1 and 2. this embodiment has the same general construe- 
so tion as the first embodiment, except now the photodetector is realized as a two dimensional CCD matrix 1 1 7 comprised 
of elements such as 1 20-1 20, instead of a linear CCD array. During a scanning operation the CCD array simultaneously 
acquires an image of the entire two dimensional bar code symbol 1 8. The signals developed by the CCD matrix 1 1 7 are 
multiplexed in row-wise fashion through MUX 125, and then coupled to the signal processing circuitry 20. With the use 
of the multiplexer, the two dimensional array 1 1 7 in a single scanning operation thus emulates multiple scans executed 
55 by the linear array 1 7 of the first embodiment, and the signal format is entirely acceptable to the signal processing cir- 
cuitry 20, and the microprocessor 30, both of which see the same signals as would be produced by a linear CCD array. 
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i Third embodiment: 

A third embodiment of the invention is explained with reference to FIG. 8. This embodiment has the same general 
construction as the first embodiment, except that the light source 116 is a rasterizing laser, realized as a laser light 
source 1 16. and a beam deflector 140, which can be a rotating or vibrating mirror, or a bimorph. Rasterizing lasers are 
well known in the art. A laser beam deflecting apparatus is disclosed, for example, in Swartz et al., U.S. Patent No. 
4,251 ,798. The rasterizing laser is operated in conjunction with one or more photodiodes 21 7, so that the bar code sym- 
bol is illuminated and scanned in row wise fashion, as the beam deflector causes the laser beam 122 to oscillate in a 
horizontal direction, and in a vertical direction, as indicated by the arrows in box 115. According to the above noted U.S. 
Patent No. 5,241 ,164, misalignment of the scanning line can be tolerated when scan stitching is employed. 

While this invention has been explained with reference to the structure disclosed herein, it is not confined to the 
details set forth and this application is intended to cover any modifications and changes as may come within the scope 
of the following claims: 

1 . A self-contained two-dimensional bar code reader of the type having a housing, a light source for illuminating a 
two-dimensional bar code symbol having information encoded therein, a photodetector disposed in said housing 
for producing signals in response to light returning from the symbol, and a decoder disposed in said housing cou- 
pled to said signals of said photodetector, said decoder having an output signal carrying decoded information of 
said symbol, wherein the improvement comprises: 

said decoder comprising a microcomputer having a memory; wherein said memory has a first portion having 
an executable program resident therein for decoding a two-dimensional bar code symbol, and said memory has a 
second portion for holding data. 

2. The bar code reader according to claim 1, wherein said microcomputer has an address space not exceeding 64 
Kbytes. 

3. The bar code reader according to claim 2, wherein said first portion of said memory comprises a read only mem- 
ory having a capacity not exceeding 32 Kbytes. 

4. The bar code reader according to claim 2, wherein said second portion of said memory comprises a second 
memory having a capacity not exceeding 8 Kbytes for storage of data. 

5. The bar code reader according to claim 4, wherein said second memory comprises an SRAM. 

6. The bar code reader according to claim 2, wherein said executable program comprises Listing No. 1, and the 
two-dimensional bar code symbol is a PDF41 7 symbol. 

7. The bar code reader according to claim 1 , wherein said microcomputer further comprises a direct memory 
access channel coupled to said memory and to said signals of said photodetector. 

8. The bar code reader according to claim 1 , wherein said housing has a length dimension not exceeding 1 0 inches, 
a width dimension not exceeding 4 inches, and a height dimension not exceeding 3 inches. 

9. The bar code reader according to claim 1, wherein said housing has a length dimension not exceeding VA 
inches, a width dimension not exceeding Vk inches, and a height dimension not exceeding 2 inches. 

10. The bar code reader according to claim 1, further comprising a source of power, wherein said reader draws 
power therefrom not exceeding an average of 1 .4 watts during a reading operation when the light source is enabled. 

11. The bar code reader according to claim 1, further comprising a source of power, wherein said reader draws 
power therefrom not exceeding an average of 0.83 watts during a reading operation when the light source is disa- 
bled. 

12. The bar code reader according to claim 1, wherein said light source comprises a rasterizing laser. 

13. The bar code reader according to claim 1, wherein said photodetector comprises a linear CCD array. 

14. The bar code reader according to claim 1, wherein said photodetector comprises a two dimensional CCD 
matrix. 
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> 15. The bar code reader according to claim 1 , wherein the reader has a weight not exceeding 10 oz. 

16. The bar code reader according to claim 1 , wherein the reader has a weight not exceeding 7.5 oz. 

1 7. The bar code reader according to claim 1 , wherein said housing is portable and hand-held. 

18. A portable, hand-held two-dimensional bar code reader comprising: 

a housing having a length dimension not exceeding Th inches, a width dimension not exceeding Vh inches, 
and a height dimension not exceeding 2 inches; 

a light source disposed in said housing for illuminating a two-dimensional bar code symbol having informa- 
tion encoded therein; 

a photodetector disposed in said housing for producing signals in response to light returning from the sym- 
bol; 

a decoder disposed in said housing coupled to said signals of said photodetector, said decoder having an 
output signal carrying decoded information of said symbol; 

a microcomputer of said decoder having an executable program resident in a first memory thereof for decod- 
ing a two-dimensional bar code symbol, said first memory having a capacity not exceeding 32 Kbytes, and said 
microcomputer having an address space not exceeding 64 Kbytes; 

a second memory of said microcomputer for storage of data, said second memory having a capacity not 
exceeding 8 Kbytes; and 

a direct memory access channel of said microcomputer for memorizing said signals of said photodetector in 
said second memory; 

wherein a power draw of the bar code reader does not exceed an average of 1 .4 watts during a reading oper- 
ation, and a weight of the bar code reader does not exceed 7.5 oz. 

1 9. The bar code reader according to claim 1 8, wherein the two-dimensional bar code symbol is a PDF41 7 symbol, 
and said executable program comprises Listing No. 1 . 

20. The bar code reader according to claim 18, wherein the decoder further comprises an autodiscrimination pro- 
gram for discriminating between a linear bar code symbol and a PDF41 7 symbol. 

21 . The bar code reader according to claim 18, wherein said light source illuminates a strip of the two dimensional 
bar code symbol, and a field of view of said photodetector corresponds to the illuminated strip. 

22. The bar code reader according to claim 18, wherein said light source comprises a plurality of light emitting 
diodes. 

23. The bar code reader according to claim 18, wherein said fight source comprises a rasterizing laser. 

24. The bar code reader according to claim 18, wherein said photodetector comprises a linear CCD array. 

25. The bar code reader according to claim 18, wherein said photodetector comprises a two dimensional CCD 
matrix. 

26. A method of reading two-dimensional bar code symbols, comprising the steps of: 

disposing a microcomputer in a portable hand-held bar code scanner, 

wherein said microcomputer has a memory having a first portion for holding executable instructions and a 
second portion for holding data; 

installing an executable program in said first portion of said memory for decoding a two-dimensional bar code 
symbol; 

scanning a bar code symbol with said bar code reader and memorizing a representation of the symbol in 
said second portion of said memory; 

executing said program in said microcomputer to decode said memorized representation. 

27. The method according to claim 26, wherein the two-dimensional bar code symbol is a PDF41 7 symbol, and said 
executable program comprises Listing No. 1. 

28. The bar code reader according to claim 26, wherein said housing has a length dimension not exceeding 10 
inches, a width dimension not exceeding 4 inches, and a height dimension not exceeding 3 inches. 
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29. The method according to claim 26, wherein said scanner has a length dimension not exceeding VA inches, a 
width dimension not exceeding Vk inches, and a height dimension not exceeding 2 inches. 

30. The method according to claim 26, wherein said scanner and said microcomputer have a power draw not 
exceeding an average of 1 .4 watts during a reading operation when the light source is enabled. 

31. The method according to claim 26, wherein said scanner and said microcomputer have a power draw not 
exceeding an average of 0.83 watts during a reading operation when the light source is disabled. 

32. The bar code reader according to claim 26, wherein the said scanner and said microcomputer have a combined 
weight not exceeding 10 oz. 

33. The method according to claim 26, wherein said scanner and said microcomputer have a combined weight not 
exceeding 7.5 oz. 

34. The method according to claim 26, wherein said microcomputer has an address space not exceeding 64 
Kbytes. 

35. The method according to claim 26, wherein said first portion of said memory has a capacity not exceeding 32 
Kbytes. 

36. The method according to claim 26, wherein said second portion of said memory has a capacity not exceeding 
8 Kbytes for storage of data. 

37. The method according to claim 26, wherein said step of memorizing said representation is performed with a 
direct memory access channel. 
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Listing 1 



: 10FFB0008EED804 00000000080008 O3F0OO00OOOC7 
: 10FFC00 00000000000000000000000000000000031 
: 10FFD00000000000000086AC8 07 68 0768076807617 
: 10FFE00088A4889980768076851980768076807 658 
: 10FFF00088258 076807680768 0768076807 6807 69A 
: 10800000FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF80 
: 10801000FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF70 
: 10802 00 OFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF60 
: 10803 0 00 FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF50 
: 108040000D57413 33 43 2 31393 031320D3131393419 
: 10805000CE24FFFFFFFFFFFFFFFF0D0AFFFFFFFF2 3 
: 10806000FFFF8A8A97FEE0E3 2D0D000A0A10662FB3 
: 1080700000050DOOCAFE8E01FFCC2 03B973DD7 398D 
: 108 08000CC014 3 9726D7 24CC0000973F97F1DDEB3 6 
: 10809000B7 020097F4 97ED97F097EE97F9CC03 4F5E 
:108 0A000974 6D748CE800018CE001BBD89B31AA3CF 
: 1080B00 0002709CE00000926FDBD8974BD8952CE7 6 
: 1080C0000FFF13 43 02 09092 6F914ED8014D004BDF3 
: 108 0D00084 6FDCOEC3 0064DD18 0E13D0801812 46C6 
: 108 0E0002 00E12D004 0ACEOOFF13 4 3 02 0909 2 6F91C 
: 1080FOOOBD84 2 6BD84192 01313F98 00B13EA0804EC 
:1081000012D004 03 7E83 3C13EA0103BDC9BCBD90B9 
: 108 110002 61522 8 013 EA8 00B12D004 07 13F9 0103FD 
:10812000BD8 55EBD903 013ED40 0315ED50CC55AAD2 
:10813 000973AD73A12D004 2D12ED102C13ED02ED2 0 
: 10814 00012 4 62 0E9 9 6F12 6E513 2E4 0E1FE0211BCOD 
: 1081500002 0F2 6D9DCEB2 6D58604974 6CC55AA978 4 
:108160003AD73A2 0F71447 0415ED107F008 014F9 3 0 
: 1081700001BD9 0101222 8 012CC0002 0FD3 0EDD162A 
:108180000E14 2 28 014FC8 014FE8 07F0200DC8E1A04 
: 1081900093 902 66012EA04 1096F0270C4A97F02 67 6 
:1081A0000713F9 8 0037E83 3CBD8 50413D004 4 5DCAE 
:1081B0009 093 8E8 4 0F1A83 001B24 291A8 3 000B24AA 
:lO81CO0O3 312EDO2 2F7C0OED13EDO2 2 815ED1813 8C 
:1081D0 0OED200E15ED2OCCCFFFD3OEDD188 64O97 95 
1081E0002 3 7E80F815ED0112ED08 0914ED18154 7EE 
1081F0OO0415ED02CE00E2 4FBD9 04E2 63F5D273 5BF 
1082 00 002B0D13D0202CDCEB2 628BD84 2 62 02 313 3 5 
10821000F1FF03BD89 52 5313EA080E13 002 008B67C 
10822 00002 34 2B03BD857 AC6C8D7F013D01003BD2 6 
1082 3 0008 4 2F7E818A13 8 0FF607E8 0F8818 02 602F1 
10824000C8 40FD020181722 603 7E83 3 64D2AOA81D1 
108250008 524 06818 2244 2 2 016847F816C2 7648 1D4 
1082 60006F27608 1672708 12 8D0404C10A2454B6 61 
1082700002 002 639FC02 01FD02 038D2 0FDO2 05CC1F 
10828 00002 67F102012707F602 02C10524 028 609EE 
1082900013 8D04 02 8 613B7 02007E8 18DCCO000CECO 
1082A00001001EOOFF06EB001B082 0F639FC02014E 
1O82B0O0B3 02 03 2 6BF8DE5B3O2O52 6B87AO2 002 675 
1082COOOD8 20058DD7FD02 0513D004 2 214ED20FC23 
1082D00002 011AB3 02 072 61CFC02051AB3 02 092 682 
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: 1082E0001313ED10B41223 4 00B15ED1020ABBD9 00D 
: 1082F0002 6152280FC0205FD0209FC0201FD02 0791 
:108300002AOD818224 09BD88E515F9017E810B7D4 6 
: 1083 100000F12705BD89522 00713D04003BD84 1901 
:10832000B602 0181702606BDC9BBF70202CE01006C 
: 108330004FF60202205114F9807E818A15F980BD22 
: 108340009 02 6 152 280 13D00803BD8445BDE7782 4 0C 
: 108350000A13D00803BD84 577E817113D00803BD72 
: 1083 60008 457 13D04003BD841913EA02058617BD54 
: 108370008 662BDE7B6FD02 0 113 EA0803BD862CCE7 6 
: 108380000COODC9083 0C00188F8D32188C000027B5 
: 1083900024CC55AA97 3AD7 3AA6002A11F602 01C171 
: 1083A0007 227 0A8 1802 6068D1E8D122003BD8 662 EB 
: 1O83B0OO0818092 6DC8D1015F9017E810B3CCEO0D2 
: 1083COOOD2C600D7F52 004 3CCEOODAC608A6002AA3 
: 1O83D0OO3D8 1802 606968 1847F203 3 81812 60E8 60A 
: 1083E0005DBD86629 682BD86629683 2 02181852 64 8 
: 1083F000079 6F5BD88C72 019 81862 604 96F5200EBC 
: 10840000818 7 260D08 5A27 0DA60097F52003BD8 603 
: 108410006208 5A2 6B8 383 98D008 62 00F9BEB97EBFF 
: 108420000E3 98D02 8D008 6100F9BEC97ECOE39DC17 
: 10843 000EB2 6 11CC02 58D3 0EDD1ECC08 0397 23D7B0 
: 10844000681422 08 3 9DCEB2 6FC12 22 08F8B6807585 
: 1084 50OO8D0CC603D7 683 9C600D7 68B6 807 4D6D0ED 
: 1084 6000C4 03 5C5858B18 075270158 10DD4 4 39CCDD 
: 1084700000FA9708D7 09C62 0D7 00CE4 000FF02 0BAC 
; 10848000FF02 0DCE4 02 0FF02 0FFF02118 62C97 2D18 
: 10849 000CCE428DD4 2CC054F974 6D748CCFF4 0DDE1 
: 1O84A0O04 98 600974 7CC0000DD4CBD8 4EBA6O0C692 
: 1084B00096DD608 69CE601DD62CC2 2 7 0DD64CCFF37 
: 1084C0003EDD66C6E7D775C6FFDD698 61397 6BCCC0 
: 1O84D0O0FAFBDD6ECCFCFDDD6CDD71863 59770CC72 
: 1084EOOOFEFEDD738610DD77977939CE84F4C60001 
: 1084F00058 583A3 9E284 04 8 0A4D3 0DA3C4C2 09 00B9 
1O8500O083E312 0OCC55AA97 3AD7 3ADCFE2BFCDD68 
1085100090DCFCDD8E14FE8039DCFCDDFEDC4 0C529 
10852 0000127FADDFC8DC4EC02D316DD168 6809 7 98 
10853 0002 3CC3E229 7 67A601DD63CC7 0FFDD65CCBE 
1085400010FEDD779 77C3B96D18 4 074 3841797 2BiE9 
1O8550OOCC0038D4D1C12 8 2 502 8 61097 2C3 98 678D2 
108560009781865897828 630978 3BD8 3BD8 64EBD9E 
1085700086628 652BD8 662 7E83C7 4FF602 3 2 5C37C2 
10858 0O08FFC02 3 4 02 8FBQ8 6OE8 678BD8662 3 3BDB5 
1O8590OO8 60E8 63DBD8662FC02 3 4B3 02388D5F8 64E 
1085A0002B8D77FC02 3 88D568 63D8D6EFC02 3 4 8D06 
1085B0004D8 62 08D65FC02 3C8D4 4FC023CF3 02 3 8 64 
1O85C0O083 0002B3 02 3 4253 3DD988 6208D4CFC02F3 
1085D000388 3 0002DD9ACE004 6DC9805050593 9AA3 
1085E00025159 39A25110909939A2 50B0993 9A2 524 
1085F00006099 39A2 501098F178D677E88AFCEOOF3 
108600002F0883 0064 24FACB64 8F178D558F8 62F33 
1O8610O04CC0OA24FB8D4B178B3A204 62 0457 2 61D3 
1086200073 202BA02 04 5727 273 2 03DBEFC02 3 4 05DE 
10863 000F31FFE8 314 0004FD02 3CCC1400B31FFCA6 
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: 10864 000048DBBCE861C8D14FC1FFCB31FFE048D55 
:10865000ADCE8 6248D067E85B18D0708A6002AF94 9 
: 108 660008 47F3C3716D8F5D7F512D12016847F13B6 
: 10867000D1100A16888054 25FB2 6FB888013D108 68 
: 1086800002 8880FE0211A7 008D188655973A4397FD 
: 108690003 ABC020F27F4FF02113 338 150020142DC5 
:1086A0008 03 9088C4 0802 503CE4 02 039122E204B8 3 
: 1086BOOOFE020FBC0211273C13D1COOE13D14 0069D 
:1086C0001208043 3 200412EE042D14 2C4012D13 071 
:1086D000022 013A6005F13D108015C4425FC26FB91 
: 1086E00054 2503152C40A600972F8DB6FF020FBC12 
: 1086F00002112 62 914002 0152DC03B962FFE020DD5 
: 10870000A7008D1AFF02 0DBC020B2 704132E0818B8 
: 10871000BD8 42213EE010 614EE02FF020B3B088COF 
: 10872000402 02 503CE40003 912EE01F114EE010E77 
:10873000FE02 0B2 013CC55AA973AD7 3A12EE02 0D3F 
:10874000FE020B8DD9FF02 0BBC020D2 60415EE03B1 
: 108750003BDCF684 7F847FDDF7A60097F6D6F42 60F 
:108760007 2 814 22 6037E87E8847F8118 2 6108680E6 
:10877000D6F7BD8 8E515ED10148 0017E8735811.987 
: 108780002 6048 68 12 OEA810D2605BD8CD520A613FE 
:10879000D18 0198 1132 60514EE04 2 0998 1112 60C2D 
:1087A00015EE0412 00208E14 2D8 02 08912ED08197 8 
:1087B00012D004158112 2 60514ED5020138114 26C1 
:1087C0000815ED5O148 0012O0781072 603BD84198 8 
:1087D0007E8 73 5C1012 2 09814227 0D7F00F42 088 60 
:1087EOOOC10 3 2 22 8814F26F37COOF4 27 3 08 60691AE 
:1087F000F42 608972F152 2107E8 73 5CCEA60D3CE19 
:10880000DD1C8 610972 314 22107E8 7 35C1052 2 04B3 
: 108810008 154 2 0D2 3 68 60A8F32A7002 0CBOFBDOAA2 
:10882000060E7E87 3 58 64 0972512D004 3 512ED4 01E 
:10883 0O03113 4 3 021615EDO412EDO2 2 67C00ED13FO 
:10884000ED021F15ED1814 8 0802 01715ED0112EDB3 
;1088500008 108 6049BED97ED13ED08 0615ED02 144 4 
I10886000ED1013EB1F1113EBFF1B7AOOEB13EB18 4A 
;108870.0011C603D7 682 00E13ECFFEB7A00EC12EC64 
: 10888 00008EF5FD7 6813D14 00F12 00200B12 2D8 02 4 
:10889 0000712 08 04 0314 2D803BCC1000972 3D7F45 3 
1088A000152 2103BCC08 009723D7681522 08 3B3 6C9 
1088B0008 60DBD8 6628 60ABD8 662 3 2 398F8D02 8F3 3 
1088C00039 3 68DOC172 0013 68D068 6208D14 32 3 9ED 
1088D0003 6444 4 4 44 4 8D03 3 2 840F8B3 0813 9 2 3 02 63 
0588E0008B077E8 662 9B 

1088E5008 0812B03 2 717 3 9C0412 50FC1072 4 0B5859 
1O88F500CA4OD7F17F0OF27E84177E842217D6F115 
1089050027F8 812E2 72B812A274 3 8120276 65D2A7 8 
1089150016CA108 03 025E3810A25168007810A25AD 
10892 500D98114 250C8B3 78 04B2 5CF8 1092 2CBC4E7 
10893 500EFD7F1C4 0FCE8 944 3AEEOOD6F16E00892 7. 
10894500BF8A2 58AC28B8A8B8F8B94 8B52CE8000EF 
1089550018CE00D0C61BBD8DECBD845BBD85477D£3 
1089650000F12 601397FOOF115ED12 0E7E8 417CE3 8 
1089750080502 003CE00DO18CE0C00C61BBD8DEC58 
108985OOCEOC0018CE001BBD89B3ED00CE8O1D189E 
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: 10899500CE0C1DC62 3BD8DECBD8E4 3CE0C0018CE6E 
: 1089A50080000FCC55AA973AD7 3AAD402 0ABCC0002 
: 1089B50000EB001B0818092 6F839812E2 61FB68 002 
: 1089C500505D2BOBD6DOC4 0484FB1B97D02 04BD60F 
: 1089D5OOF226048 4O3 2 02994F2 27 3A2 03 4C510267O 
: 1089E5001781062 42 9CA80D7F11627078 6004 65A1B 
: 1089F5002 6FC16D7F27E8419D6F2 260D81042 40EA4 
: 108A0500D6DOC4FC1B97D020114A2B0527 077E84 9E 
: 108A150022DAD02 003 53D4D0D7D0BD84 5B7E8419 0D 
: 108A2 500812E2 63 95D2B078D13B68051206AD6F2 2B 
:108A35005A2B1A271C5A27118D02206D96EA847F1E 
: 108A4500F68 06AC4801B97EA3 9C63F2 006C6F8201F 
: 108A550002C6C7174 3B48051D4D11B2 03BC5102 68D 
: 108A65000D8104 2 4 55CA80D7F197F27E8419D6F278 
: 108A75005A2B392 73F5A27114A2B04 2 707 2 03B14 2 5 
: 108A8500EA8 0202 515EA8020208103 2 42DC63F4 851 
: 108A9500484 8484 84 8D4D11B97D1BD854715EE04B1 
: 108AA5009 6D185C02 60314 2D8 07E841981072 40A5A 
: 108AB500C6F82 0E1C6C781082 5D87E84 2 2 812E2 6E6 
: 108AC5002 0CE805218CEOOD2 5D2B07C610BD8DEC8E 
: 108AD500 2 07 8D6F2 2B07CE8 05A18CEOODAC60820A9 
: 108AE500ECC51026294A2B0527 0A7E8 42 2 8 688CEC6 
: 108AF50000D2 20058 608CEOODA97F2C4 3FCA80D7 97 
: 108B0500F184 0FC6FFE7 00084A2 6FA7E8 419811012 
: 108B15002 4D8C54 02 60F97F396F2 850F27CCCA4 077 
: 108B2 500D7F17E84 2 6C4BFD7F1165858 58589 6F3 06 
; 1O8B3 5OOO505O505C608DOF2 2AO5CE00D2 2 0O3CECC 
: 108B4 50000DAC4 0F3AA7007AOOF2 7E8 419 812E2 63 6 
: 108B550014 9 6ED4 95959 59FA8050C4 04 9 6D084FBAE 
: 108B65001B97D02 01AC5102 703 7E84 2 2 4A2B04 2 781 
108B7500072 0F614D004 2 00712ED80ED15D004155A 
108B8 500ED127E8419CE8C812 008CE8CA7 2 003CED1 
108B95008CC6812E2 77CC5102 62148 4 8484897F3 66 
108BA500819 02707BD8C602 9 0FD6F1C4BFCA8 0D7 35 
108BB500F19 6F3 97F27E8 4197E84 228102 25168 03 0 
108BC5000A2 5F54CD6F2C4F01B97F3BD8C602 9E8 55 
108BD50014F1402 0DC3 69 6F2 8190270CBD8C603 27 2 
108BE5005D2 7D54A8D1D2 0183 24D260CCE8 06B1879 
108BF500CEOOE2C609BD8DECD6F1C47FCA4 0D7F1DF 
108C05007E8 419 270518EA002 004 5318E4 0018E7A4 
108C150O003 996F2819027E03 6C1C02 4 088A0FC53 5 
108C25004 02702 867F97F396F2 3C8D2F382914 18 3A 
108C3 5O03C188F83O0E2C3 8 06 2188F1718A4 0018B0 
1O8C4 5OO388DC0DCF2 4C97F2112 3DE3 2 97F22 0B05A 
108C5500C1FF2 60D8 5F02 7 228 01008E600C1FF2 7F9 
108C65001918CEOOE2C4 0F18 3A08E600C1F02 4E056 
108C75008 5F02 6F54D2 7 04 4A2 0EF0B3 9F08 04 02 07A 
108C8500100804FFF18 04 02 01008 04FFF280402 006 
108C9500FFF2 06FFF2 01FFF608 04FFF501FFF58 07C 
108CA500FFFFF3 008 00010084 4 22 01F4 08 04FFF4DC 
108CB500008 04 0 2002 01FFF410FFF68 0FFF620FF4 0 
108CC500FFF502F80102 04 08FFF54 0FFF52 0FFFF5C 
108CD50096F881162 63 615EE8 0D6F7C52027051499 
108CE500EE8 0C4DFC1412 524C14 524 2 0C14 3 271D91 
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: 108CF500BD8FDEC1412 6037E8D27C14 22 608BD8E6C 
: 108D05004EBD84192 003BD8EDABD8FDE3 98 606BDC2 
: 108D150086628615BD866286FEBD866286FFBD8635 
:108D250062 3 9CC55AA973AD7 3ADCEB2 6F50FB70A44 
: 108D350006CE8D4 518CEOC40C6FEBD8DEC7EOC4092 
:108D45008D6B883A2 6FAB70A05CEOAOA8D6D2 60379 
: 108D550014EE1016CB048D63 5A26FB4D2 6E218CE71 
:108D65O0OAOEFCOA0BC4C0B3 0A062 72 018 3CCEOC19 
: 108D75000018FEOA062A028D4EFCOAOBC4COFDOA25 
:108D8500062A078F18CEOC008D5B183 88D657AOA78 
:108D95000A2ECF8606972F13EE10A5CC55AA973A23 
: 108DA5 00D7 3A12 2EC0022 0F3FEFFFE6E008 65597BD 
:108DB5 003A4 3 973A132E2 0F5962F3 98DFOA7 0008EO 
: 108DC500BB0A05B70A0539CCAA55B7D555F7AAAADE 
: 108DD5 00CCAOFFB7D555F7D5578DOA180918A100AE 
: 108DE5 002 6FB18083 9C64 0A60018A7000818 085A17 
: 108DF5002 6F539FCOAOBC50F26211A8 3 8 0502 513 49 
: 108E05001A8 3FFB024 0D178A41B70A088 69BB70A53 
: 108E150009 20088 600B70A08B70A09860CC4 3F8FDF 
: 108E2 50018 E60017F00A09F8OA08E7 007DOA08277E 
: 108E3 5OOO3B70A09FE0A0B08FFOA0B1808 3 9CE8D7D 
: 108E4 500CCC6 2C18CEOC4 0209EBD8FA13 6BD8FA15F 
: 108E55OO16 3 2FD0A0BBD8FA13 6BD8FA1163 2FDOA54 
: 108E65OO03CCOO0OFD0AO68610B7 0A0AFCOA03B3 04 
: 108E7 5O00A0B1A8 3 00102C045CF7 0A0A7FOA059 67O 
: 108E85O03ABD8662B60A0A2 73 6BD8FBBFCOA0BBD02 
: 108E95008FBB17BD8FBB4FBD8FBBF60A0AFE0A0BF2 
: 108EA5OOBD8F41BD8FBB5A2 6F7FF0A0BB6OA054 099 
: 108EB500BD8 662BD88AFBD8FA181062 6102 0A8C6DC 
: 108EC50007CE8ED3A600BD8 66208 5A2 6F7 3 9000064 
: 108ED5000001FF0D0ABD8FA13 6BD8FA1163 2188F77 
: 1O8EE5O0CDEEO02 7 02AD0039CE804O18CE0 00018 2 7 
: 108EF500FFOA0618FFOA0118FFOA03CC55AA973A7C 
: 108F0500D7 3A8CFFBC2 603CEFFC08C00002 718BDC6 
: 108F15008F4118FEOA0116183A18FFOA01188FF33 7 
: 108F2 5000A03FD0A03 20D4FC0A01BD8 66217BD8 62B 
: 108F3 50062FC0A03BD8 66217BD8 6623 93 7 3CC601ED 
108F4 500F7 0AOD8F1A8 380502 54 61A8 3FFB0244 0F7 
108F5500C50F2 622FDOA06CA41F7 0A088 69BB7 0AED 
108F650009 3 8F60AODA600B80A08BBOA09B7 0A09A6 
108F7 50008 5A2 6F13 3 3 9B3 0A064D2606C5F02 602EE 
108F85002 0DFC4 0F5CF70AOD3 88FC4F03 73 62 0C4D4 
108F95OOCCOOO0FDOAO63 83 3A600O8393CFEO2 0B5A 
108FA500BD871EFF02 0B8 65597 3A4 3 973ABC02 0DC3 
108FB50027F4A60038 3 93 6BBOA05B70A05 3 2 7E867E 
108FC50062 3 63C8655973A4 3 973AFE0211BC02 0F2A 
108FD5002 6F1132E40ED383 2 3 93 7BD8FC613EE4 0DA 
108FE50005B60A002 00F96D1B70A0012EE8 004 8 656 
108FF5002 620028 624 97D1BD854 796EE88 4 097EEB8 
029005003339FD 

109010003 68 6EC9742148D803 7DC40C50127FADP97 
10902 0009 0DD8E3 3 3 2 39368 6E49742 158D803 239A1 
10903 OOOCCFF05CEOBOOA7003A8COB502 5F8C608D4 
10904 OOOCEOB8 0A7 003A8COBC02 5F83 62 0CA9F961D 
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: 10905000978CECOODD84EC02DD86EC04DD88EC0608 
:10906000DD8A128D80028DA8CCFFF9DD947F00810E 
: 10907 00013 8C020613910238 2 004 1291023 2BD92 21 
: 10908000AB2 61913 81FF037E912 7863C979CBD92E6 
:10909000AB2 6097A009C26F6CC0000391389 020A17 
: 1090A000158D067EC9EFDE92EC01A3 03 9394 247024 
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;10ED6B001BCA2 504129F9C1BFF02 3 6CE1BCOA6019B 
:10ED7B00BDEE910808BC02 3 625F4DCA01A8 3 03 848F 
;10ED8B007EED1B8D2420F3CE1BCOBDECFB290F24 8 5 
;10ED9BOOODED0008088C1BDE2 5F08D7 520E9DDA03C 
10EDAB008C1BC02 7D58D6A2 0D1CE1C10CC55AA97B1 
10EDBBOO3AD7 3ACC0O0OEDO008O8 8C1C1C2 5F7CE8 6 
10EDCBO01BC0DFAAEC0OCE001EO2DDA2 8F8D1DDC66 
10EDDBO0A28D19DEAA08O88C1BCA2 5E6CE1C10A62C 
10EDEB0001BDEE9108 088C1C1C2 5F4 3 9DDA4CE1C4A 
10EDFB001C09 09EC0005E3 0005E3 0005E30005D3 5E 
10EEOBOOA43CCE010002DFA4 3 8ED008C1C102 2E1E3 
10EE1B0O39FFO2 3 6CE1C10CC55AA973AD73ACC0004 
10EE2BOO0OEDOO08 088C1C2E2 5F7CE1BCODFAAECCA 
10EE3B0O0OCEOO1EO2DDA2 8F8D56DCA28D52DEAAQ3 
10EE4B0OO8O8BC023 62 5E67F0OACCE1C1OCC2F2F59 
10EE5BOODDA6EC007COOA683 0064 24F8CB647C0068 
10EE6B0OA7C0OA2 4F9CB3A9 6A68D0F9 6A78D0B174O 
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:10EE7B008D08 08088C1C2E25D43912AC80088131E2 
:10EE8B00260314AC80393CDE90A7 0008DF9038399C 
:10EE9BOODDA4CE1C2E0909EC0005E3 0005E3 0005FB 
:10EEABOOE3 00Q5D3A4 3CCE03E802DFA4 38ED008CCD 
: 10EEBB001C1022E1394142434445464748494A4BDD 
:10EECB004C4D4E4F5051525354 55565758595A2 03A 
: 10EEDB006162 63 64 65666768696A6B6C6D6E6F709F 
:10EEEB007172 737475767778797A2030313 2 33 34 66 
: 10EEFB00353 63738 39260D092C3A23 2D2E242F2B56 
: 10EF0B00252A3D5E20203B3C3E4 05B5C5D5F607E86 
: 1OEF1B00210DO92C3A0A2D2E242F227C2A28293F39 
:10EF2B007B7D2 7 8 000800000000654 00 02 05680 6E8 
: 10EF3B00O8065603F2047C0004 05EC011C056A069 6 
: 10EF4BOOB2 03 0606DA039005A2065805B0050003C6 
: 10EF5B00F4 003 006O0047E067005C600O6021A0OC7 
: 1OEF6B0OFC05EEO152 02A4011E04B6038AO56CO2D5 
: 10EF7B0098 04C406B40414 037 603 080572 068406C9 
: 10EF8BOODC05E4 03 5C039200A4 058405A4 04DA0009 
: 10EF9B0018 065A00B4 012E05B20010034A050207E9 
: 10EFABOOOC006603F601B8064A003204 3E03CA069B 
: 10EFBB00D2 029E03 44 04 8 0058E01AC067203D8 0571 
: 10EFCBOOOE05C8004 603 28000802 8A0614 021C0519 
: 10EFDB003A048 600FE059804 6805F003 64 04F80102 
: 10EFEB0054 027 0054 8 02A604CA06F8 012 00498 01D1 
; 10EFFB005C04B802B003EE038C066C04B205 6E041D 
: 10FOOBOOD6 0708 029A0042 059404C606680664 06F1 
: 10F01B00B602 5E02 5404 160238062 003 78 06BA06BE 
; 10F02B0008 03 0A03C2 00CC0574O55EO5 18 068602 A8 
;10F03B0062 03 52 06DE02DE01FC05E60292 01B20318 
: 10F04B005E0258 008E03940094 04A2 00A600C0003 8 
; 10F05B0OD4 058 6O41A02EC05A604 22O0EAO4DC0O9F 
: 10F06B005C069A001A02 3C03 82065C018E019E002C 
: 10F07BOOB60528 0678013 0062 4 04 4E05B4 03 9A051C 
10FO8B00CO0O12 03 22 04AC03 4C03 7CO17EO5O4O177 
10F09B004 602 78 070E040C02 3 0006806BE0184 03 9A 
10FOABOOF8 04 5C062E01BA05D4 03DE064C060C01EF 
10FOBB0096003 4009A03AC044 0007004EE03CC03BA 
10F0CB0O0EO1C406D403 0206CC02A003 72O58 00312 
10FODB004603C6050A04820544 03EA0590061C058F 
10FOEB0014 01AEOOD0069 60674 04A802 2C03DA04B1 
10F0FB00EA057C05 10057 8 01DA05CA02F4 0172 00F5 
10F10B004 8O168O1DE03 2A0562O14C000AO53 4OO4O 
10F11B003C02 8C0522 05CE0616051C010A021EOOB8 
10F12BOOAC02D60 53C07 2 002F8 0488068A04 7 2 015B 
10F13B000004 2C0550059A06F0017604 6A02 6 6025B 
10F14B007E05F2 02C2 01F2 03 660110004C04FA03C1 
10F15B005601A6015600C600E4 027 206C6016C05F4 
10F16B004A06E2 002802A80404 06E804CC03B60110 
10F17B00E2 06FA02E2 0714 0122 07 28 064 2 04 9A02 69 
10F18B0024 03 2E015E02 0006A4 04BAOODA03 3 60241 
1OF19B00B2 07 3EO566O3F005EA06B0O38E05AE0026 
10F1AB002E066E0218015004B4 02960412 05700567 
10F1BBOOE200A204D8 00B2 000E070A01B604 3C021A 
10F1CB009C058C03D600440288 0538 059 603 62 02 21 
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:10F1DB006E04C8049602AE066A04D4004 0066602AA 
:10F1EB005C02 3 606B803C0055C026002DC029002CA 
:10F1FB0056009200BE041804 20005A023A018C05F6 
:10F20B002 6062203 980320037A0144 040A06BC0451 
: 10F21B005A05D2 060A0098006E03 0C03 00037003 14 
:10F22BOOC4 0542061AOOCE04A604E8057602F201D4 
:10F23B006605600532 0520051AOOAA071E0688041C 
: 10F24B002A06EE02 6402C0010E03 54 00C406C40673 
:10F25BOOE0040203B402E007 2 6022201FEOOD807F5 
: 10F26B003C05E805AC02 160294 05EOOOBO01B4O5BC 
: 10F27B008A028603 600494 04D2025A03BE02DAOOA7 
: 10F28B0090041E018A03 960142 0458 009 602FE0563 
:10F29B004004A4 02F005300OA80428O2BE0OC2O4FA 
: 10F2AB00000724 00D605AA05DE05880492 03BC04DA 
: 10F2BB001C014 002FC02EE04 2603FE05A80490018B 
: 10F2CBOO3E0424 04 8E04 8CO0EC0OEEOO8 4 04DEO06B 
: 10F2DBOOF002 08005E0086068E069C04E0007COOAF 
: 10F2EB001COOF201E8023E02 0A047 603 84 006004 6B 
:10F2FB0062 065E008804 480190069 00104 01A0069 6 
:10F3 0B009E04 3 600B804E2 07 3 6052A007E04 3 00658 
:10F31B007A001E05FA013 200F4 07 00062 601EA0501 
: 10F3 2B0054 04 5002 4 0063 405B602 0C02 4 8 03 9C04F8 
:10F33B0078059E05C2 03 8 60,6800014 0062 03 4003 15 
: 10F3 4B002 4 04 6406F4 04AE06 600604 03 4E008A02 2D 
;10F35BOOE8 03 7E04 4A017A018 0019 2 01C00506068A 
:10F3 6B0092 01D60148010604 6E027A01A2 0024 071D 
:10F3 7B001006A006AC04 0E04 3 8 02 6A02 3 2 00BA03 6F 
:10F3 8B001C006A04E4 071A06C007 3 8 028 2 018 605CE 
:10F3 9B002C05DA03FA00800078 04 5E04 3 205F606C9 
:10F3AB003 0067C06 0001BC002 00318 05D605FC02C4 
:10F3BBOOC603E0013 4 02CA064EOOF6012 8060E07 0A 
•10F3CB0002 01F601980628 0 3E4 003 601EC063C002 6 
:10F3DB009C055603 6A03AE0452013 8044202 4201F3 
:10F3EBOOD00072063 60114 04F005B8 02CE03CE02 2B 
HOF3FBOOOE07 2E031002 4A005001C6 03 9E0652064A 
:10F4 0BOOD604 7A011A03 04 05A004FE06CE05C4003 7 
:10F41BOOFA02A203 88 04C2 03 74 068 2 03 5A0582000F 
:10F42B0016012C03 480064 0648 03C8 034201AA05D1 
:10F43BOOOC03 2606120484 04 6604F6054 606F6014 0 
; 10F4 4BCK)5A03EC04B007 06 0592 0662 02 5206 1E062 A 
;10F45B000600CA0516035001FA01B0008C04A0008 7 
I1OF4 6B0OD2O2EA00E80698 03 80019CO67 6O44C055C 
10F47BOOBE04AA017C027 6022E018 2 062C03DC015B 
10F48B009403AA04EC01C2 06CA057E050803E8 052D 
10F49B0012 069402 2A057A01D8 017 001DC014A0098 
10F4AB003A05CC010802D4 02F604 7 0054E0174 02 31 
10F4BB007C01F0004A01A4 00E2 016A002 606E6018 5 
10F4CBOOE00712064 003 2C06A2 03 3 4 0564 06AEOOC7 
10F4DB002C014E041000AOOOOC04 3A03D4 053 602 94 
10F4EB006C02AC003E02 34 055A02 8EOOBC0058057B 
10F4FB0024031E04 0805D0006C03 6E0618 04E601?5 
10F50B0064051E071C06EC010C06C2 03B2 02 2 007A1 
10F51B003A021400AE0284 04D002D80188 04 5605C6 
10F52B003E052E02BC072 2 05DC03BA02FA03FC01DE 
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: 10F53B003C04 8A0082 0206068C007A01E6047 4 04FD 
: 10F54B006004 4 601020434 073 4 04 2E05F806FE0558 
: 10F55B0052 063 2 0246059C067E03 3E06F2060202 66 
: 10F56BOOE6017801BE01D4 04 6C002206AA026803EE 
: 10F57B001A0718 028005D8 007 605F4 05FE031602 5B 
: 10F58BOOC4 02C8 012601F403E2 063 A03 68013 601FE 
: 10F59BOOCE011202CC072C004E0650011804FCOOC1 
: 10F5ABOOF804C003 58 012A064 601A8061004F4 010A 
:10F5BB005807 04 025000C8 01F8 04 9EOOE6019A05A2 
:10F5CBOOBC0274062A03A8 06C803E6022 8 016EOOD3 
:10F5DB003802D2054C01EEOOE006E4 063E03 3 20091 
:10F5EB002A009E03D2 02AA05580056040603 6C019A 
:10F5FB006206EA03B00212 04CE0454 02BA03B8014 5 
:10F60B003A02 04 01E40444 073 2 06FC024 4033C02CO 
:10F61BOOE4 01D2 06A8071600740314 012 4 063 8 016E 
:10F62BOOCC072A011604BE064 4 04F2 024E049C05C4 
: 10F63BOOBA03A6022 602DOOODE03 3 003D00054 0129 
:10F64B0060021002B80202 073 003 3A06A603120149 
:10F65BOOCA04BC02 4C03A4 00DC0052 02B603 3801FE 
: 10F66BOOC803A2 02B4 03A00002 00060012 003 60079 
: 10F67BOOA201E605B2 02 92 0074 015C0414 04FAOOC4 
:10F68B006AO 13 E03BA03EC048 2064 40448 059 602 61 
:10F69B003E06BA05AA027A002C008 4 018C04A4 064B 
:10F6ABOOAA057A01EA05BE02B600E002A0009E019F 
:10F6BBOODA058E02 2 60672 04D2 073 4 0718 06C4 053 3 
:10F6CBOOC802D4 013A03AE03C804160500007C013E 
:10F6DB007 4 045C05D2 02F2 0194 04BC06F2 0652 04D7 
:10F6EB0072061403B803E604 7 0060E03A603B003F8 
:10F6FB0OCE04 2 8053 6011E03 5A02CCO122 03 66O2F2 
:10F70BOOF0018E04AA06BC05B002 8C0062 012 603 3 0 
:10F71B0072 0314 01FA05EE03 4 6029 0006E014A03DO 
:10F72BOODE04 5805C602CE0128 0378 03 2 602 3 006F4 
:10F73B0090052C010003 0001BE053A012A03 7E03 4C 
:10F74B003 8 02 6607 3 2 0712 06B20592 02 3 2 06960598 
•10F75B003E013 60 3A2 03A4 03AA03BC03F2 049 4 06DE 
10F76B007A04EA003AOOAE02 0A061E03D604 4 005EC 
10F77B007E01F605E2 03 22 02 24 066C04C006FE0697 
10F78B007604DE00160042 00C602 5206F6065E04 4 0 
10F79B0096068 004FC0070015003F004 8E066804 8A 
10F7ABOOB4 06DA060A03 9A03 8C03 6 202E4 016A04C4 
10F7BB003E0578 01E4 05AC02 80003EOOBA0 2 2E063D 
10F7CB008A051AOOCA02 5E071A06CA05DA03 0A017D 
10F7DB0ODCO594 023 806A80574 0 1D80588 0214 06C6 
10F7EB003C04 3 0054 E016604 32 0554 017804 68 056B 
10F7FB0OF6O3 5E02D8014 603D2 04 3 4O55A018A048B 
10F80B009E0698 054 4 0148 03 D8044 6059002 2C0631 
10F8 1B0084 0508009 401BC053 4 011803 48 029600C6 
10F82B008 0018 004 8 0063E04 3 60560019C04D4 07E9 
10F83B003A072A06FA066A04BA06EC064 0043C05A7 
10F84B0072 01D2 057 601DE059A024A06DE061603 2 0 
10F85BOOBE03F8 04A606B0058C022 0066004 9C06C5 
10F8 6B0092053 2 0112 03 3 602 60072 006DC061003F4 
10F87BOOAC03C2 04 0404CA071C06D005EC034002 07 
10F88B007E003 8 00A801F805E8 03 3 4 025A070E067B 
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:10F89BOOA6056E01C60552 0172 04 5605C002BCOOD6 
:10F8AB0OF202D6014O03C003FE04B8O6E6O62E04 9E 
:10F8BB0OO604D0072E0706068E052 600EE02CA01A7 
:10F8CB001C035402BAOOEC02C4 010A031E02 180600 
:10F8DB0048045405BA02AA00BC02 34 069C0550012 8 
:10F8EB006C044 4058A021A064E04 6605F003 4C02AA 
:10F8FBOOA200A401EC05C402C80116034 202840055 
: 10F90B004AOODE029A008C01A4 04EC004000C002 05 
:10F91B004006C005BC02BOOOCE02 6A073E073 607AO 
:10F92B001E06D605FE037 6032002 1E065A048A061F 
:10F93B005C0490066E04C6071006AC058001FC053E 
:10F94B0OF4035802C6011003 3 0O2 4E06EAO63A04CD 
: 10F95B002A053C0130039003 6E03 0801D605820291 
:10F96B0002060603 8E0368 02F601A004E0001COOE9 
:10F97B005400FC02F4 019A04CE072 806F4 0658 043E 
:10F98B0084064A04 5A05CC02E0015E041A050COOF9 
:10F99BOOA001E005A0025C0714 06B805A4 02 6807E5 
:10F9AB0038072 4 06E8063 4 04180506008E01AA04 5D 
:10F9BB00FE007 6016204 2 60530010C0324 022A06AO 
:10F9CB007E04F6005E011A034E02A800B602 2 2 0660 
:10F9DB006604AE06C805D4 02F8 01A604F200520074 
: 10F9EBOOF602E2 0164 04 2C0542014 2 03C60410043 2 
: 10F9FB00EE004 600D2 027600200060012 003 600278 
: 10FAOBOODE0158040804D6074007 3C073 0070C06F4 
: 10FA1BOOA0055C019004B006CE05E603 2E02 48 0655 
: 10FA2BOOD80604 03 88 03 5602COOOFE02FA01AC0597 
:10FA3B0004 0088019804C8071606BE05B6029E008E 
:10FA4B009801C805580184 048C0662 04A2 06A4 051B 
: 10FA5B0068 01B4 051COOD00270000E002A007E0164 
:10FA6B007A04 6E060803 94 037A03 2C024 2 06C6053 9 
: 10FA7BOOCE02E6017004 5005AE02 8 6005000F002 8 3 
I10FA8BOOD0012E038A03 5C02D2013 4 03 9C039 2 03 4 0 
: 10FA9B007 4031A02 0C062 4 03E8 04 7 6062-003DC0424 
:10FAAB005205B4 0298008 60192 04B606E0061C03C8 
:10FABBOOD0042E05480154 03FC04B206D4 05F803 08 
:10FACBOO6402EA017C0474 061A03CA041CO512 00C2 
I10FADBOOB20216064 2 044 2 0584O2 08 0618O3C4044 7 
I10FAEBOOOA04DC0010003 0009001B0051000AC02DD 
; 10FAFB0004 060C03A003 9E0398 03 8 603 5002AE007A 
10FBOBOOC802 58 07080694 0538 012 403 6C03 02014 8 
10FB1BOOC4054C016004 2 0051EOOD60282 0044 007F 
10FB2BOOCC02 64 072C0700067C04F0004COOE4 02B6 
10FB3BOOACOOC2 02 4 606D2 05F2 03 52 02B4 00DA024E 
10FB4B008E0068013 803A803B603E0045E05D8 03F2 
10FB5B0004 01CA055E019604C2 07 0406880514 0059 
10FB6BOOB802280678 04E40028 0078 016804 38 05F8 
10FB7B006601AE050A009A01CE05 6A01BA052E018F 
10FB8B0006031201F4 05DC031001EE05CA02DA01CB 
10FB9B004C03E4 04 6A05FC037 003 0E01E8 05B8 028C 
10FBABOOA400AA01FE05FA036A02FC01B2051600C5 
1OFBBBOOBE02 3A06AEO586020EO62A03FAO4AC06QE 
10FBCBOOC205C202C20104 030C01E2 05A602 6EOOCB 
10FBDB000800180048 00D802880056010203 0601ED 
10FBEBOOD0057001CC056401A8 04F80064 012C03 56 
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: 10FBFB0084 03 4A029C009 201B6052200E202A60091 
:10FCOBOOB00210063004 0C04E200220066013 203 3D 
: 10FC1B009 603 8 003 3E027 8 002 60072015604 0 204 0C 
: 10FC2BOOC4 07DA069A054A015A04 0E04E8 0034 0078 
: 10FC3B009C01D4 057C01F005D002EC0182048 60600 
: 10FC4B005004 6C0602038203 4 4028A005C01140315 
: 10FC5B003C0272 0014003COOB4021C0654 047806EB 
: 10FC6B002 603EE0488 0656047E063804 24 052A007 3 
: 10FC7BOOFA02EE01880498068 6050EOOA601F2052D 
: 10FC8BOOD602FE01B8 052800F402DC015203F6048B 
: 10FC9BOOA0069E0556017E047A062C04 0004BE06BF 
: 1OFCABO0F80664 04A8 06B6059EO2560702068 2O5EE 
: 10FCBB00020082 018 60492067404D80004 000C003 2 
: 1OFCCBOO24 006C014 4O3CC0422O52400E8 02B8 0O94 
1OFCDB00E602B2 00D4 027C0032OO9601C2 054 60156 
10FCEB004E03EA047C063 2041204F40058 010803A4 
1OFCFBO01802O60612 03B2O3D4 04 3A056C01CO05CO 
1OFD0BO040013C03B4 03DA04 4CO5A202 62 072 60649 
1OFD1BO0EE064 6044E05A8 0274 001AOO4E00EA02D5 
1OFD2BO0BEO0F8 02E8 017604 62 05E403 28O2 3 6O6F9 
10FD3BOOA20562 01A204E6002E008A019E04DAOOED 
1OFD4B0O0AOO1E0O5AO10E03 2AO23C06B4 0598 02 53 
10FD5B004406CC05E0031C02 12 063604 1E051800EF 
1OFD6B00C4 024C06E4 062803 F4 04 9A068C052 000 12 
1OFD7B00DC0294 0O7A016E04 4AO59C0250 06FO06E0 
10FD8B004C046005DE03 1602 00060003 7C03 3 2 02FE 
10FD9B0054 06FC067 004CC07 2 206E2 062 2 03E2 04 9A 
09FDAB0064 05EA03 3A02 6C00024F 
00000001FF 
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Listing 2 

' "DBOOT14.BAS" (9-29-93) — BOOTSTRAPS A 14 . 7 

MHz(!) 

DECODED-OUT ST3 000 

' FOR PROGRAMMING THE FLASH EEPROM! 

DEFINT I-N: DIM N(255) 

FOR I = 0 TO 255: N(I) = 0: NEXT I 

CLS : BEEP 

' THE FOLLOWING DATA LINES ARE DERIVED DIRECTLY FROM 
"DBOOT14.HEX" 
DATA 

": 10004 0008E0048CC651197 3CD72B974A973F8D7B04 
DATA 

H : 10005000883A26FA9749CE01408D7716CB048D72E7 
DATA 

11 : 100060005A2 6FB4D2 6E8 18CE0144FC0141C4C093 3A 
DATA 

M :100070004A2 73 7183CCE010018DE4A2A1BCCAA5565 
DATA 

" : 10008000B7D555F7AAAACCA0FFB7D555F7D5578D48 
DATA 

" : 10009 000601809 18E1002 6FBFC0141C4C0DD4A2AB2 
DATA 

" : 1000A000078F18CE01008D4918 388 601F60142C4 29 
DATA 

" : 1000B0003F8F18A600A7 00FE014108FF014118 08 64 
DATA 

" : 100 0C0007A014 02EA58 606972F2 083132E2 0FC9 6BA 
DATA 

" : 1000D0002F3 98D1248 4 84 8 4 8A7008DOAABOQA7 0069 
DATA 

" : 1000E000089B499749398DE3 8 03 0810A25 028 007B2 

DATA " : 0FO0F0O0398640E60018E7O00818O84A26F53957 
DATA 11 : 00000001FF 

LINELP: READ Z$ 

K =5 VAL ( " &H" + MID$(Z$, 2, 2)): IF K = 0 GOTO 

DATADN 

L = VAL ( 11 &H U + MID$(2$, 4, 4)) 
FOR I = 1 TO K: N(L + 1-1) = VAL("&H" + 
MID$(Z$, 8+2 
* I; 2)) 

NEXT I: GOTO LINELP 

DATADN : 

PRINT "Power Unit in Bootstrap Mode, then Press any 

Key" 

PRINT 

STALL: IF INKEY$ = M " GOTO STALL 

' *** NOW WE ISSUE <BRK> AND 256 CHARACTERS *** 
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OPEN "COMl:9600,N,8,l,CS0,DS0,CD0" FOR RANDOM AS #1 
DUMP: IF NOT EOF(l) THEN Z$ = INPUT$(1, 1): GOTO DUMP 
/ *** NOW MAGICALLY CHANGE TO 14400 BAUD *** 

OUT &H3FB, (&H80 OR INP(&H3FB)) 

OUT &H3F8, 8 

OUT &H3FB, (&H7F AND. INP(&H3FB) ) 
PRINT #1, CHR$(2 55) ; 

FOR I = 64 TO 255: PRINT #1, CHR$(N(I)); 

PRINT USING "\ \"; RIGHT$ (HEX$ (1024 + N(I) ) , 2) ; 

IF I MOD 16 = 15 THEN PRINT 
NEXT I: PRINT 
J = 30000 
FOR I = 1 TO 190 
TEST: IF J <= 0 GOTO NOUNIT 

IF EOF(l) THEN J = J - 1: GOTO TEST 
• Z$ = INPUT$(1, 1): PRINT "*"; : NEXT I 

CLOSE #1: PRINT 

OPEN "COM1: 19200 , N, 8 , 1 , CSO , DSO , CDO" FOR RANDOM AS 

#1 

' *** NOW MAGICALLY CHANGE TO 38.4 BAUD *** 
OUT &H3FB, (&H80 OR INP(&H3FB)) 
OUT &H3F8, 3 

OUT &H3FB, (&H7F AND INP(&H3FB)) 

' *** NOW WE MUST FIND THE APPROPRIATE "???????. HEX" 

BOOTSTRAP 

FILE *** 

F$ = COMMAND $ : IF F$ <> "" GOTO GOTFIL 
NUTHER: FILES "*.HEX": INPUT "BOOTSTRAP '.HEX' FILE — 
F$ 

IF F$ = "" GOTO NOFILE 
GOTFIL: OPEN "I", 2, F$ + ".HEX" 

FILOOP: IF EOF (2) GOTO FILEDN ELSE LINE INPUT #2, A$ 
PRINT #1, A$; 
PRINT A$; 
GOSUB GETCHR: GOTO FILOOP 
FILEDN: CLOSE #2 

IF COMMAND$ = "" GOTO NUTHER 
GOTO NOFILE 

' *** & NOW WE RECEIVE DATA WHILE WAITING FOR A KEYPRESS 
-OR- 

<ACK> *** 
GETCHR: 

RECEIV: IF NOT EOF(l) THEN Z$ = INPUT$(1, 1): IF Z$ <>. 
CHR$(6) 

THEN PRINT Z$; ELSE PRINT " <ACK>": RETURN 

IF INKEY$ = "" AND Z$ <> CHR$(3) GOTO RECEIV ELSE 
PRINT : 
RETURN 
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NOUNIT: PRINT " — Bootstrapping Failed — Start Over! 
it . 

BEEP 

NOFILE: CLOSE #1 . 
BYEBYE: SYSTEM 



Claims 

1 . A self-contained two<iimensional bar code reader of the type having a light source (16) for illuminating a two-dimen- 
sional bar code symbol (400, 500, etc.) having data encoded therein, a photodetector (17) for producing signals in 
response to light returning from the symbol (400, 500, etc.). and a decoder (40, 64) coupled to receive said signals 
of said photodetector (17), said decoder (40, 64) having an output signal carrying decoded data of said symbol, 
wherein the improvement comprises: 

said decoder (40, 64) comprising a microcomputer (40) having a memory (42, 45) that includes a first portion 
(45) having an executable program (Listing No. 1) resident therein for decoding a two<Jimensional bar code symbol, 
and a second portion (42) for holding data. 

2. The bar code reader according to claim 1 further including a direct memory access channel (48) coupled to said 
memory (42,45) and to said photodetector (17). 

3. The bar code reader according to claim 2, wherein said two-dimensional bar code symbol (400, 500, etc.) is a 
PDF41 7 symbol. 

4. The bar code reader according to claim 1 , wherein said microcomputer (40) has an address space not exceeding 
64 Kbytes. 

5. The bar code reader according to claim 4, wherein said first portion (45) of said memory (42, 45) comprises a read 
only memory (45) having a capacity not exceeding 32 Kbytes. 

6. The bar code reader according to claim 4, wherein said second portion (42) of said memory (42, 45) comprises a 
random access memory (42) having a capacity not exceeding 8 Kbytes for storage of data. 

7. The bar code reader according to claim 6, wherein said second portion (42) comprises an SRAM. 

8. The bar code reader according to claim 1 , wherein said light source (1 6) comprises a rasterizing laser (116). 

9. The bar code reader according to claim 1 , wherein said photo- detector (1 7) comprises a linear CCD array (17). 

10. The bar code reader according to claim 1, wherein said photo-dectector (17) comprises a two dimensional CCD 
matrix (11 7). 

11. A portable, hand-held two-dimensional bar code reader of the type including a light source (16) for illuminating a 
two-dimensional bar code symbol (400, 500, etc) having data encoded therein; a photodetector (1 7) for producing 
signals in response to light returning from the symbol; a decoder (40, 64) coupled to said signals of said photode- 
tector (17), said decoder having an output signal carrying decoded data of said symbol; wherein the improvement 
comprises: 

a microcomputer (40) having a first memory (45) for storing an executable program (Listing No. 1) for decod- 
ing a two-dimensional bar code symbol and a second memory (42) for storing data, said microcomputer (40) having 
an address space not exceeding 64 K bytes, said first memory (45) having a capacity not exceeding 32 K bytes, 
and said data memory (42) having a capacity not exceeding 8 K bytes; and 

a direct memory access channel (48) of said microcomputer (40) for controlling the storage of said signals 
of said photodetector in said second memory (42). 
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1 1 2. The bar code reader according to claim 1 1 in which the bar code reader does not consume more than an average 
of 1 .4 watts during a reading operation, and has a weight that does not exceed 225 grams. 

1 3. The bar code reader according to claim 1 1 , wherein the two-dimensional bar code symbol is a PDF41 7 symbol. 

14. The bar code reader according to claim 13, wherein said executable program includes an autodiscrimination pro- 
gram for discriminating between a linear bar code symbol and a PDF417 symbol. 

1 5. The bar code reader according to claim 1 1 , wherein said light source (16) illuminates a strip of the two dimensional 
bar code symbol, and a field of view of said photodetector (17) corresponds to the illuminated strip. 

16. The bar code reader according to claim 11, wherein said light source (16) comprises a plurality of light emitting 
diodes. 

1 7. The bar code reader according to claim 1 1 , wherein said light source (16) comprises a rasterizing laser (1 16). 

18. The bar code reader according to claim 1 1, wherein said photodetector (17) comprises a linear CCD array (17). 

1 9. The bar code reader according to claim 1 1 , wherein said photodetector comprises a two dimensional CCD matrix 
(117). 
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